v 2
0)‘&-6071/87/1106-0‘8050100/0
JOURNAL OF PARENTERAL AND ENTERAL NUTRITION
Copyright © 1887 by the American Society for Parentera! and Enteral Nutrition

Vol 11, No. §
Prinsed in U S A

Plasma Vitamin and Mineral Status in Home Parenteral Nutrition
Patients

( T. Davis, Pu.D..* F. PERRY FRANZ, M.D.,* DEBRA A. COURTNAY, R.N.,* DUANE E. ULLREY, PH.D.,}
DONALD J. SCHOLTEN, M.D.,* AND RICHARD E. DEAN, M.D.*

From the *Departments ofSur}ery, Michigan State University and Butterworth Hospital, Grand Rapids, and the tDepartment of Animal
Science, Michigan State University, East Lansing, Michigan

ABSTRACT. Home parenteral putrition (HPN) provides
long-term nutritional support for persons whose absorptive
capacity is compromised by a variety of intestinal malabsorp-
tion problems. However, the presence of vitamin and mineral
deficiency syndromes that normally would not have time to
develop in the hospitalized patient receiving total parenteral
nutrition has been reported in patients receiving HPN. This
study entails a longitudinal survey of plasma concentrations of
vitamings A, E, and 1,25-dihydroxyvitamin D, as well as the
anineralsrint; topper, And seleniuim, in patients receiving HPN.
Plasma samples from eight patients who had been on HPN for
1-92_months_ before the_study_began were obtained once a
month over a 12-month period. The blood was drawn immed;-

ately before their evening infusion of TPN in order to approx-
imsate fasting plasma nutrient concentrations. Patient values
were compared to fasting control values and to published
porms. Values for vitamin A, 1,25-dihydroryvitamin D, and
zinc all were within the normal range, and there was no evi-
dence of metabolic bone disease. Plasma vitamin E and copper
concentrations exceeded the normal range for most of the 12-
month period: Of all' of the putrients studiéd; 651y plasma
selentum concentrations were consistently in the low-normal
to below-normal range. Selenium levels in patients on HPN
should be monitored regularly, and supplementation may be
pecessary if clinical conditions warrant. (Journal of Parenteral
and Enteral Nutrition 11:480-485, 1987)

The use of hyperalimentation to provide nutritional

support for malnourished patients has developed from 8

theoretical concept into standard hospital practice over

the past 20 yr.'? This methodology has been combined

with procedures used for home hemodialysis and adapted

+o provide a program for long-term parenteral nutrition

hich is self-administered in the bome.*’ Home paren-

" nutrition (HPN) is now accepted as standard ther-

for selected patients with malabsorption disorders
and short gut syndrome,

The use of long-term parenteral nutrition has been
associated with some unusual problems. Deficiency syn-
dromes have been described for zinc,® selenium,? vitamin
A, copper,!! and vitamin E,? among others. Metabolic
bone disease that may be related to excessive amounts
of vitamin D also has been identified.!*!* In most cases,
the symptoms suggestive of these syndromes have devel-

oped after several months of HPN. The highly purified

nature of the parenteral solutions is largely responsible
for these deficiencies, although some have resulted from
the infusion of nutrient-deficient solutions. In one case,'
a vitamin A deficiency was identified, even though retinol
had been added to the solution. Retinol was thought to
be adhering to the solution comtainer, and oxidizing
during storage.

It is of prime importance, therefore, to determine the
nutritional status of people using HPN, and to relate
their nutritional status to length of time on HPN. The
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purpose of this study was to compare the status of
vitamins A, E, and 1,25-dihydroxyvitamin D and the
minerals zinc, copper, and selenium in patients on HPN
to controls over a 1-yr period.

MATERIALS AND METHODS

Eight adult patients receiving HPN due to extensive
small bowel resections were studied (Table I). All pa-
tients received a standard regimen of vitamin and min-
eral supplementation daily (Table II). Six healthy vol-
untlesers (three males and three females) served as con-

Over a 12-month period, 10-m! samples of blood were
drawn monthly from each patient during routine clinic
visits. The samples were taken in the late afternoon
before the evening TPN infusion in order to approximate
a fasting level. The blood was placed in beparinized
tubes, placed on ice for 1 br, and then spun at 800 X g
for 10 min to separate the plasma from the red blood
cells. The plasma was harvested, and frozen at —20°C
until analysis. Ten millimeter samples of blood were also
drawn from six control subjects once & month for 3
months. The samples were taken at 8 am, after an
overnight fast. .

Retinol and a-tocopherol were assayed by the method
of Bieri et al.' The 1,25-dihydroxyvitamin D was assayed
with materials obtained from Immuno Nuclear Corpo-
ration (Stillwater, MN). Zinc and copper were analyzed
by atomic absorption spectrophotometry, via methodol-
ogies supplied by Instrumentation Laboratory, using the
IL 453 (Lexington, MA). Selenium was measured by the
method of Whetter and Ullrey.” The data were analyzed
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Pznunx;td:m via analysis of variapce." which allowed for missing
ey data.'® Linear regression equations of months on HPN
, oo o) indication for HPN “:;'P'-‘:,“ prior to the start of the study vs plasma vitamin concen-
( 1 o T vy — > l::_-atﬁitt:nx were calculated, along witlj correlation coeffi-
2 64 Short bowel syndrome 56 clenis.
i z s Crohn:l disease 22 RESULTS .
5 50 S{,‘;ﬁ";,,,"’:f‘,;‘,m lé The data are shown in Figures 1-6. Normal ranges for
6 36 Short bowe! syndrome 1 plasma vitamin and mineral levels are shown as dashed
: :‘3 Sbort bowel syndrome 1 lines on each figure.!® Figure 1 shows that mean values
Short bowel syndrome 1 for plasma vitamin A in patients ranged from 45.5 to
“ At the start of the study. 58.8 ug retinol/dl. ! values were 28.9 + 3.6 ug/dl
s B (mean iwiEM)lAll mean values were within the normal
. . Tame ] ) . range. When plo as months on pnor e
Standard regimen of vitamin and micronutrient supplementation  ~<grxwr of the study us mean retinol concentrations, the
Nutsient Mmzﬁd-d linear correlation coefficient was 0.13 (not significant).
Vi A = Vitamin E data are shown in Figure 2. The control
Vitamin D; (as o) ool oot 'rg_ vilueswere 1.8 + 0.3 mg/dl, which was within the normal
Vitamin E (d-sacopberol acetate) 10 TU* range. Mean values for the patient group generally ex-
Zinc (as ZoS0, - 7H,0) 5 mg ded normal vaJues. The linear correlation coefficient
Copper (s Cs85,.5H,0) 1 mg (r = 0.90) indicated significant correlation between time
* MV1-12, Armour, Kenkakee, IL. on HPN and plasma vitamin E concentration. The vi-
* SoloPak, Fraskke Fark, IL. tamin E distribution by month was also marked by high
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FiG. 1. Plasma levels of vitamin A (retinol) in
subjects on HPN. Values were obtained once a
month over a 12-month period The norma) range
is indicated by two dasbed lines. Control values
are indicated by the open circle with error bars.
Conmludu&ntvﬂm:r'cu:uduw:
SEI“~ ¢

B
P
Sty S

b % 3
»
04
(] " - 4 " i 2 "N
o e g 3 r M A ) N a s
Month
Sy

P

. " . "
+

"4
-4
=
-~

0wl ;

Month

| —




Vol 11, No. §

6. 3. Plasma levels of 1,25-dihydroxy-
vitamin D in patients on HPN. Data pre-
sented are as described in Figure 1.
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FiG. 4. Plasma levels of zinc in patients on
HPN. Data presented are as described in Figure
1.
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variability during the first 7 months of the study, which
was largely due to two patients who had fluctuating
results ranging from 1.5 to 7.3 mg/dl.

Values for 1,25-dihydroxyvitamin D are shown in Fig-
ure 3, with means 1or patients and controls (35.3 + 2.9
pg/ml), all within the normal range. No correlation be-
tween tim in D concentra-
tion was seen. The correlation coefficient for the linear
fit was =0.30.

The mean values for plasma zinc concentrations in
patients and controls (0.87 #+ 0.02 ug/ml) were within
the normal range (Fig. 4). Patient values showed little
varisbility over the 12-month period, ranging from a
mesan of 1.10 £ 0.16 in October to & mean of 0.82 '+ 0.90
in April. No correlation between time on HPN and zinc
goleoentntions was seen using linear regression (r =

47). !

Values for plasma copper concentrations are shown in
Figure 5. Patient values were at the upward end of the
normal range, and frequently exceeded this range. Mean
patient values ranged from 1.35 + 0.25 ug/ml in Septem-
ber to 1.79 % 0.33 ug/ml in April. The controls also
exceeded the normal range (1.9 = 0.2 ug copper/ml

/s

plasma). Length of time on HPN and copper concentra-
tions were significantly correlated using linear regression
(r = ~0.75).

Selenium concentrations are depicted in Figure 6. Se-
Jenium values for patients tended to be toward the low
end of the normal range; séveral patients had values
below normal. The controls had plasma selenium con-
centrations of 0.122 + 0.006 ug/ml, which was approxi:
mately the midpoint of the normal range. No significant
correlation was seen between time on HPN and plasma
selenium concentrations by linear regression (r = 0.26).

DISCUSSION

The advent of home parenteral nutrition (HPN) has
allowed grester flexibility and success rates for physi-
cians treating patients with a variety of disease states.
HPN has been commonly used in the management of
enterocutaneous fistulas and as an adjunct to cancer
therapy. Perhaps its greatest use has been in the treat-
ment of patients with Crohn's disease who have had
multiple small bowel resections resulting in short gut
syndrome. There are numerous patients whose continu-
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ug/ml

F1G. 5. Plasma levels of copper in patients on
HPN. Data presented are as described in Figure
1.
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FiG. 6. Plasma levels of selenium in pa:
tients on' HPN. Data presented are as de-
scribed in Figure 1.
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ing survival after small bowel resection is dependent on
the use of HPN.
Initial problems with HPN were similar to those found
in the bospital, such as sepsis, clotted catheter, and
venous thrombosis.** These

and adequate surveillance. However, as the population
of HPN patients grew, unusual nutrient deficiencies
began to appear. Deficiencies of molybdenum® sele-
pium,” and biotin,” virtually unheard of in the general
population, have developed in patients on long-term
parenteral nutrition for 12-24 months.

In the present study, plasma concentrations of the fat-
: soluble vitamins A, E, and 1,25-dihydroxyvitamin D, as
. well as the micronutrients selenium, zine, and copper,
were measured in eight patients who had been on HPN
| /~for 1-92 months. Altbou%h all of the individuals had oral
_;( intake during the sto eir abulity to absorb nutrients
F '\ Itemally . was_seriously limited due to various surgical
< procedures. T
* 77 Vitamin A and E levels in HPN patients bave been

previously studied by Shils et al.Z At Jevels of vitamin A

and E supplementation similar to those used in our study,

problems, for the most part, _f o dray
have been controlled through training, proper technique, whereas in the present study, thé time period-was at Jeast
8

’
L

their patients maintained mean plasma vitamin A levels
near the top of the normal range, whereas vitamin E
levels ‘I’:?h munt.;m;d in the lower end of the :;&rlmag
range. In their study, bowever, yitamins were not infuse

for_af Jeast_36 br prior to drawing blood for analysis;

br. In our study, it is apparent that the patients-did
“potimve a vitamin A or E deficiency. Indeed, the vitamin
E levels were above normal, and the increase over time
on HPN can be described by linear regression. The first
7 months of the study were marked by rather large
fluctuations in plasma vitamin E concentrations. As
these fluctuations were not noted for the other two fat-
soluble vitamins measured, and there was no change in
the level of vitamin supplementation, the reasons for the
variability are unknown. It is interesting that the pa-
tients who showed the greatest variability over the first
7 months also had been on HPN longer than the other
subjects in the study (56 and 92 months). It is possible
that the variability was due to tocophero! in the iv fat
solution. However, as all patients received iv fat, and
only two demonstrated great varisbility, this does not

seem likely.
313
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There has been great interest and controversy regar
ing the role of vitamin D and vitamin D metabolites i
the etiology of metabolic bone disease. This syndrom¢,
first described by Shike et al'* and Klein et al,'* was mokt
recently described in a patient who had received TP
for 6 months.® In all of these reports, removal of vitami
D from the TPN solutions resolved the symptomatology

n one study,’ 1,25-dihydroxyvitamin D levels were de
pressed in patients receiving parenteral vitamin D. Th
levels rebounded to the low normal range after vitamin
D supplementation was discontinued. However, the re-
lationship between metabolic bone disease and vitamin
D supplementation in HPN patients has been unclear.®

At no time during the 12-month period did any of our
patients develop symptoms consistent with metabolic
bone disease, and plasma values for 1,25-dihydroxyvi-
tamin D remained comfortably within the normal range.
These results suggest that vitamin D supplementation
in HPN does not affect the development of metabolic
bone disease.

It is well accepted that zinc and copper additives are
required in TPN, and reports of zinc deficiency® and
copper deficiency'® in long-term TPN can be traced to
insufficient supplementation. The zinc supplementation
in this study was § mg/day. The RDA is 15 mg/day,
which was set assuming a 33% absorption rate. Similarly,
copper supplementation in this study wes 1 mg/day,
whereas the requirement has been set at 2-3 mg/day.
The requirement was set assuming & 33% absorption
rate. It is not clear how different states of disease affect
these requirements. The AMA has suggested that TPN
solutions be supplemented with zinc at 2.5-4.0 mg/day
in stable adults (with an additional 2.0 mg/day for the
catsbolic state) and copper at 0.5-1.5 mg/day.®*® We
followed these guidelines when establishing the standard
rinc and copper additives, and found the HPN patients
‘n this study to be adequately supplemented. The control
salues for copper fell outside the normal range. This

appears to bave been due to a dichotomy between the

mean values for the males vs the females (1.29 vs 2.55 ug
copper/ml plasma, respectively). Although not: docu-
mented for this study, it was demonstrated previously
that oral contraceptives cause a significant increase in
serum copper,™?” and this effect may have been respon-
sible for the elevated plasma copper values for the control
females.

Tbe role of selenium in HPN bas generated much
interest recently. Two reports™™ have noted signifi-
cantly depressed selenium levels in HPN patients rela-
tive to controls. Similarly, mean patient plasma selenium
concentrations remained in the low-normal to below-
pormal range for most of this study. At the start of the
study, no patients were receiving selenium supplemen-
tation. However, one patient who bad been on HPN for
92 months before the start of this study developed muscle
pain and weakness. At that time, her plasma selenium
concentration was in the low-normal to below-normal
range. She began receiving selenium supplementations
in late May, and for the final 4 months, her plasma
selenium concentration rose to 0.119 + 0.008 and her
symptoms resolved. Based on these results, two other

S e e X i
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patients with Jow-average selenium concentrations
(0.067 % 0.0_15 and 0.065 £ 0.021 ug/ml) recently have
begun ule_ruum supplementation at 120 ug/day. The
NRC has listed a safe and adequate intake of selenium
of 50-200 ug/day for adults.®

It appears that the described HPN regimen of fat-
soluble vitanmramd-pri i i 5
8 levels for all of the nutrients except-

“selenium. In addition, no signs of metabolic bone disease

were found. Selenjum levels in patients on HPN should
be monitored regularly, and supplementation may be
necessary if clinical conditions warrant.
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Blood Vitamin Levels of Long-Term Adult Home Total Parenteral
, Nutrition Patients: The Efficacy of the AMA-FDA Parenteral
il Multivitamin Formulation
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University of Medicine end Dentistry of New Jereey, Newark, New Jersey .

ABSTRACT. Although the AMA.FDA parenteral adult mul-  were made in eight of the 16 patients between the €15t and
tivitamin formuls is now widely used, there are no published  84th wk while on MVI.12. Repeat values during this extended
data on the efficacy of this formulation in maintaining adequste  period were also made on five of the patients for vitamins A
vilmin nutriture in patients on long-term parenteral nutrition.  and E. Thbese values were compared with serum vitamin Jevels
Blood levels of its constituent nutrients were determined in 16 obtained on an exrlier formulation (MV] concentrate, Beroces
clinically stable home to1a] parenteral nutrition patients with €, and folate each given twice weekly and B, gven once
severe gustrointesting! ﬂy:funnfam,‘rﬁajé‘ﬁmﬁ_m weekly). The AMA.FDA formuls given daily maintained blood
1 on homé Wial parenteral nutrition for 1 to 9 yr and most  levels above the lower normal limits for most of jts constituent
©of whom were ingesting some food orally. The daily formuls  vitamins and vitamin D metabolites for the great msjority of
(MV]-12) was sdded w0 the basic towl parenteral nutrition  stable home total parenteral nutrition adults with unexplained
formula in 2<day batches: the vitamins were thus infused ap-  occasional exceptions. However, almost half of the vitamin A
proximately 3 hr after Preparation on day 1 and after 27 hron  levels and some of the pantothenate and biotin values were
day 2. The duration of infusions was from 8 w0 16 br. Blood above the normal range; these tended to be associated with the
was drast spprozimstely 36 hr after completion of the last presence of renal disease. Ascorbic acid and thiamin levels
vitamin infusion. Plama, trichloroacetic acid-trested plasma, tended 1o be clustered in th ;
and wbole blood were frozen until analyzed for the vitamins by ‘evidence for of ascorbic aci L wtal parenteral
microbiologic or chemica methods. All vitamin Jevels, except . putrition eolutions for 24 hr prior to infusion, # is recom-
for vitamin D wetabolites, were measured four times in each mended that the vitamin formulation be added to the total
watient between the ¢tb and 36th wk while receiving daily MVI-  parentera! nutrition solution just prior to infusion. (Journal of
+  Single determinations of 25-0H and 1:25 (OH), vitamin D Porenteral and Entercl Nutrition $:178-188, 1985) |

%t

In July 1979 the FDA approved s new adult parenteral from 21 to 70 yr. Six_patients had besn on long-term
vitamin formulation’ on the recommendations of HTPN for periods of 3 to 9 yr, five from 1 to 3 y1, and
the N_utrition Advisory Group of the American Medical four for 7 t0 12 months prior to initiating the AMA-FDA

tion and hence designated the AMA-FDA for- formula. The serious degree of malabsorption of most of
mulation.*? Since that time various pharmaceutical com-  the subjects is indicated by their severely impaired xylose
panies have issued formulations which follow the FDA excretion with the lower limit of normal being more than
gmdeh;:gs. To date no published data are available on {2 ¢ in § br (Table I). Excluded from the study were
the ability of these formulations to maintain normal patients with known active or suspected cancer as were
blood values in long-term total parenteral nutrition those on maintenance chemotherapy and those requiring
(TPN) patients. bome parenteral alimentation primarily to meet require-

This report summarizes observations made periodi- ments for large amounts of fluid and electrolytas.

cally over § to 8 months of vitamin levels in 16 long-  All patients entered in the study and previously signed
term stable home TPN (HTPN) patients with severe consent forms for participation in the study. The study
malabsorption or intestinal obstruction who were given was conducted in accordance with the principles for
an AMA-FDA formulation. (MV1-12, USV Laboratories, buman experimentation as defined in the Declaration of
Tuckahoe, NY). Helsinki. All were in good nutritiona! state, afebrile, at
a satisfactory weight for beight, elinically stable, and

MATERIALS AND METHODS fully ambulatory and active. Most ats s variety of
Patients od Lbitum (despite the ammmfﬁu_t%
i . voluntary restriction in all but & few cases. Since almost
Clinical data on Participating patients are given in 4 patients were st risk of renal ozalate stone formation ’
Table L There were eight of each sex with ages ranging  because of resected ileurn and the presence of most of i
- o their colon, restriction had been advised of oxalate con-
Received for publication, February 6, 1984, taining fruits and vegetables and of fat. The individual

Acceptad for publication, Ocwober 3, 1984, i i i i
Reprint requests to: Dy, Maurice E. Shils. Director of Clinical 3VErages for caloric intake in the TPN solutions and by !

Nutrition, Memorial Sloan-Kettering Cancer Center, 1275 York Ave. OUth are given in Table I.
se, New York, NY 10021 No oral vitamin supplements were taken for st Jeast 1
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‘ Dats on study patients

TPN
Pr/Age /Ses durstion Diagnosis

(mo!*

Wi
g

Xyloae
Tast® ($-br
wnine)
(M)

Avg Daly
Calone Intabe
n TPN
{heal}

Onl
(Gheal)

V/61/F [ Ovarnan carcinoma. s/p resecuion
and redistion; radistion enter:-
‘A, pernistent amsll bowel fis:
tuls: NED senal dysfuncuon,
awodersie

MAC/28F 12 Crohn's duesse. o/p mansive bowe!
asction

LAN/MSY/T

]

Mesenteric anen ecciusion with
bowel inlarction: o/p masasive
bowe! resection

BOR/25/M ¥ Embryons! rhabdomvaarcoma. s/
. chemo-

F15/34/M 1 Mesenwric anen: scchision with
bowel infarcuon: s/p maisive
bowel resection: renal dysfunc:
Lon moderste

Bl/as/F 3% Mesenteric anen scchusion with
bowel infarcuon; s/p massive
bowe] resection: dinbetes. ? rena)
dwifunction, mild

LAL/S/F 2 Lymphornas: s/p mussive bowel rv-
erction and redistion therapy:
NED

WIT/ /M [~ Crohn's disease; 5/p bowe! resec:
won’

CAS/64M 46 Inusiinal parudacbssruction®

MEL/E/M 4 Mesenteric arery occhusion: s/p
sauive amall bowe] aection;
- senal dysfunction, severe’

Embryona! rhabdomvosircoma: s/
9 chemotherspy bowel ressction:
vudiation enweritic: NED4 pena)

- brefunce id

CAP/21M

'n

ACA/68/F 10 Gautric keiomyossrcoma: s/p subto.
tal putreciomy, Mg-;_w

DEU/s2M )| Testicular earcinoma: s/p erchiee.

IER/G3/F M Messweric anen eeclusion with

VAN/26/M 40 Crobn's diseass: 3/p muassive bowe!
:nn‘amnmm

20C/i0/F [ Endometrial carcinoma: 5/p resec-
. tion and redistion; rediation en.
:.g-uhbmm
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€1000-
23601

1460

3400

Variable
(200
13401

1140

<100

1040

1870

——

2T0 4/1/81. the Bvean date of marting the AMA. -
Lo (81, the " ing FDA formulavon (MV].12).

M )?.:.l;\mdcna of recurrent malignancy.
wedication: vuummt&bmumi!shenbuﬁnwwm MV
* Oral svedications: wrecholine and metoclopromide. e "

! Ora) wedicstions: allopurine! and furcasmide.
# Oral medications: methadone.
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" sonth prior to and during the study excepting vitamin

VITAMIN LEVELS

. " 7E which had been ingested by five of the patients at 50

o

/og/dsy."This preparation was discontinued in July 1981 -
‘ spproximately 3 months afier

starting the AMA-FDA

yrmula. Oral medications taken

ae study are indicated in Table 1.

Intravenous Solutions .

These were prepared by the patient or family member
in 2-day batches at home with the exception of one
patient whose formula was made in the bospital. The
basic ingredients were placed into 9- or 3-liter PVC bags.
Tbe TPN formulas included Aminosyn 10% at 750 to
1000 ml/day, glucose as the major source of calories and
Intralipid (10%) 500 m! twice weekly given by piggy-
back infusion to supply essential fatty acids and some
calories and tocopherol. Sodium, potassium, ehioride,
magnesium, phosphate, and zinc were given daily in
amounts sufficient o maintain normal serum levels.
Calcium gluconate (10%) was given daily in amounts
varying from 276 o 552 mg/day. Copper, manganese,
and chromium salts were given twice weekly. Total daily
intravenous fluid volume varied from 2 to § liters de-
pending on intestinal fluid losses. The solution was re-
frigerated from the completion of preparation until in-
fusion was started. ;

The TPN was infused at night into a central venous
catheter through an 0.44 -4 filter for periods varying from
8 t0 16 br with the majority receiving the infusion in 8
to 12 br. On completion of the infusion, dilute beparin
solution was injected into the central venous catheter
which was then closed with a sterile cap.

. Prior to the AMA.FDA formula the patients had re-

ved multiple preparations designed to provide all of

- e vitamins. MVI concentrate (5 ml) was given on

esdsy and Friday; injectable Berocca C (2 ml) on
Thbursdsy and Saturday; folate (1.5 mg each) on Wednes-
day and Saturday: vitamin B2 (50 ug) on Wednesday,
and vitamin K, oxide (5 mg) as Aquamepbyton every
Monday. The aversge daily intakes are given in Table Ii.
('TT:le AMA-FDA formulstion was given on a daily ba‘sis
able e

(vide infra). The TPN solutions were prepared on a 2-
day basis; hence, the elapsed time from the addition of
the vitamin solution to the TPN formuls to the beginning
of the infusion was approximately 8 hr on the day of
TPN preparation and 27 hr on the 2nd day. Five milli-
grams of vitamin K, oxide were given every Monday. To
preserve thiamin agajnst

biSTlMIT present in the amino acid solution, the patients
were instructed 1o add the vitamins to the other solutishs
in‘&be-'i"PN“*bnmd‘ndd“th us

|-,

nxmxg_g;N ¢ bisullite concentration.

ot St
?/izamm 7%&2?0??nbr to Sclzmplmg’ ’

Tbhe protocol required that vitamins were not to be
nfused for at least 36 hr prior to drawing Blood 1o
W&g ysis other than for i tamin D metabolites.

hus the AMATFDA formulation was omitted from the

TPN solution infused Tuesdsy night, the inﬁxg\ion ter-

7/

on a regular basis during ™

ctive effect of sodium

IN HTPN PATIENTS 181
Tasie Il
Vitamins pricided in tuo vitamin formulssinns
\
Original viugiin *&EA
Viuamin fermuls MV).2)8
Label Lobel  Angieg
Retinol (JU) 2856° 3300 (495%
Ergocaleifero] (1U) 85’ 200 Q—*A -
dl-a-tacopherol scetate (TU) R W Lo 10 (PEIAES
Ascorbic acid (mg) m- 100 @?C S
Thismin HCl (mp) 17 3
Riboflavin (as PO,) (img) 8.9v 36 39
thimnid;’gu) ‘ 81, 40 10
Pyridotine HCl (mg) 10+ 4 ‘m 8
Pantheno! (mg) 13« 1% ¢
Biotin (sg) 87 &0 878
Folic acid (ug) 430 400 290
Vitamin B, (ag) ki 3 [
® Vitamin K, oxide {Aquatbephyton): § mg added once weekly in
both formulations.

* Present in each day's TPN.
*From concentrals fiven twice weekly. Each $ m) is labeled 1o
mMmMAI0,000IU.D,IOODTU.ESIU.MLnsong.
riboflavin 10 mg, niscingmide 100 mg. pyridoxine 15

* Plus an estimatad average daily intake from 500 m) of 105 Intra:
Iipiﬁ (twice weekly) of 1.7 mg e-tocopherol and ¢ tmg of otber tocoph.
erols.

*From Beroces € injectable (iven twice weekly). Each 2 m] i
labeled to contain: thiamin HCJ 10 mg. riboflavin 10 me. miscinamide .
80 my. pyridoxine HCY 20 mg. panthenol 20 mg. d-biotin 200 L.
ascorbic acid 100 mg.

115 mg folate in TPN twice weekly; 50 ug of vitamin B, in TPN
encry weekly.

mg. panthesol 2%

minated at 7 AM and blood drawn 8 to 4 br later. The
intermitterit pature of addition of the various compo:
pents of the previous vitamin formulation (vide supro)
resulted in the lapse of 7 days for vitamin By, 4 daysTor
MV1], and 3 days for Beroces C and folate between their
infusion and sampling.
Actual analytic findings on a sample of MVI.12
given in Table I1. It is apparent that there were
“eant-overages for most of the vitamins as the result of
" EANUWACRINng practices. PSR S
~Blood samples were obiained for vitamin analyses four
times in the course of the study. In all but a few patients
sampling was clustered at 4 to 7, 11 to 14, 18 t0 23, and
28 to 35 wk. Viu.mimAandeendsodeurminedin
subjects after a period of 30 to 571 days on MVI-12. A
single sampling for 25-0OH vitamin D, 1:25 (OH), vitamin
D, and parathyroi “periormed on eight ol
the 16 patients who had been on MV1-12 econtinuously
ran average 6f 507 days (range 430-588), MV].12 was
present in the TPN solution at the time of the sampling
for this metabolite and blood was drawn as infusion of
the TPN solution was terminating.

Sampling

Blood for vitamin analyses was drawn from an anti-
cubital vein and placed immediately into three 10.ml
vacutainer tubes containing small amounts of disodium
edetate. One tube of whole blood was transferred within
1 hr to a plastic tube which was sealed and frozen while

the contents of the other two tubes were centrifuged and
the plasma removed Two milliliters of plasms were
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/gded Lo 6 m! of 5% trichloroacetic acid, the tube shaken

on five of the study patients i a period of 430 to 571

OV w e e voU Y, No 2

gently, centrifuged, and the supernate removed and fro-
zen in plastic tubes. The remeining plasma was frozen
in sealed plastic tubes. Serum for 25-OH vitamin D was
frozen until thawed for analysis.

Vitamin assays were performed at the New Jersey
Medica) School. Whole blood was assayed for thiamin*
and biotin® using Ochromonas danica (ATCC no. 30004):;
nicotinate.® pantothenate” and riboflavin® were analyzed
using Tetrahymena thermophila (ATC no. 30008). This
latter prowozoan was used for assaying plasma vitamin
B Plasma vitamin B,,'*" was analyzed with Ochro-
monas malhamensis and Lactobacillus casei (ATCC no.
7469) was used to assay for folstes.’ ¥ Vitamins A E,
C,and carotenes were determined chemically in plasma."
Analyses for 25-OH vitamin D metabolites (total of D,
and D;) in serum were performed in the laboratory of
Dr. Michael Horlick at Massachusetts General Hospital,
Initial separation and purification” was followed by a
competitive protein binding analysis.

The range of normal values for the vitamins other than
the vitamin D metsbolites was obtained in previous
studies of 234 free-living healthy males and females
between ages of 20 and 50 yr ingesting mixed diets by
mouth.” The ranges indicated in the figures represent
85% confidence limits in a log norma! distribution.

RESULTS

The vitamin levels obtained at each sampling for each
patient are plotted in Figures 1 to 11 together with means
and SDs. The significance (p values) of the differences
(p values as determined by Student’s -test)® from the
means for each period of the AMA-FDA formula are
indicated in comparison with the values obtained with
the previous vitamin formulation.

Vitamin A

As with most vitamins a wide range of individual
values was observed at each sampling period but all
values were above the minimal normal value of 25 ug/dl
with both formulations (Fig. 1). With MVI-12 the mean
values at each sampling period were near or above the

upper limit of normal with 23 of 57 determinatio being
above 100 wg/dl, Five of the seven patients with persis-
tent high values Ead moderate to serious renal impair-
ment {se¢ "Discussion”). When analyses were repeated
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'vmn:a-‘ SVRCE OF DTS WITH BIY Yilism Rapys
< W
BIED e B5-04 - TOIN  WN0 MmN men [ 31

X - €003 as as .
hc.l.thkwhdﬁuninAbwbjecuonbng-mm.\'
in the course of daily administration of adult AMA-FDA pultivitamin
parenteral formulatios (MV1:12). The normal range is indicated along
modbuu.hdiﬁdudpqﬁemvdusmin&uudbydaudm:h

mﬁmmo!dmmcbuinedvhnetbcwbjccumoam:
multivitamin fortuls (designristed as previous vitamin formula) nilized
prior o the sdult AMA-FDA formula which inctuded MVL, Beroeea C,
folate, and By given intermittently asch week (¢ Table .). The
subsequent data were obtained pericdically afier the MVI-12 was
Mmmpmmmmmmmmmna&mﬁu
um-ummmmmpwwﬁmmﬁmm

weekly (Table IT). This intake was reflected in five bor-
derline Jow values and four subnormal Jevels (Fig 2). It
is of interest that the three lowest values were in patients
who often failed to take fat at that time because of alleged
unpleasant side-effects (metallic taste, unpleasant body
odor). With the AMA-FDA formulation the values re-
turned to the range by it third sampling in all
but one patient. The exceptional patient wir-opewhc-

davs after initisting MV1-12, the mean value was 60 ug/
dl; with the range being 32 to 103. Indicative of the severe

sparingly of green leafy and yellow vegetables was the
observation that plasma carotene was extremely low or
bargtltiidmmble in almost all subjects; these dats are
omi

Vitamin E

The average daily intake on the previous formuls was
1.4 mg/day plus an estimated additional provision of 1.7
mg of e-tocopherol when Intralipid was infused twice

was the Jeast compliant and whom we know refused to
infuse Intralipid on a regular basis and who was ingesting
the drugs metaclopromide and urecholine orally as symp-
tom pseudoin obstruction
This pstient continued to have Jow values as indicatec
bylphsmlevelofo.s:tmday: on MVI-12. Five o

-these patients sampled during a period 430 to 57] day

on MVI-12 had an avearge E value of 0.92 mg/dl (rang
0.5-1.2). As noted in the “Discussion,” these patient
have low cholesterol and triglyceride levels which ma
be associsted with decreased piasma E level

As noted earlier five patients were given 50 mg ¢
mixed tocopberols orally until shortly after the secon
sampling on the MVI-12. Comparison of their vitam

A9 15 8w
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Fia. 2. Plasma levels of vitamin E in subjects on long-term HTPN
in the course of administration of the adulC AMA-FDA multivitamin
parenteral formulation (MV'1:12). See the begend of Figure ¥ for de-
scription of data presentation. :

levels on the original vitamin formulation and over the

first two periods on MV]-12 indicate no difference in

their mean values with seven patients over the same

period who received no oral vitam:n E supplement and

who continued to infuse Intralipid on a regular basis
. westing impaired ora) absomtion.

i
3 ankK

This is not s component of the adult AMA-FDA for-
mule; 5 mg were added to TPN once weekly. Prothrom-
bin and partial thromboplastin times were determined
periodically throughout the study and were consistently
within normal levels in all subjects.

Vitamin D Metabolites

25-OH-vitamin D in the eight patients sampled aver-
aged 22.3 ng/m] with the range being 11 to 36; the normal
range is 8 to 55 ng/ml.* 1:25 Dihydroxy vitamin D in
the eight patients averaged §9.1 (range 46-87); the nor-
mal range is 26 to 65 Pg/ml. Parathyroid hormone values
were normal.

Ascorbic acid (Fig. 3)

In the previous vitamin formulation this vitamin as
well as othgr water-soluble vitamins, with the exceptions
of folate, biotin and B... were infused four times weekly

in the forms of MV] and Berocca C (Table II). This
vitamin was provided daily in the AMA-FDA formula-
tion. Appreciable variability in vitamin C levels was
noted at esch sampling. The mean values were above the
Jower limit of normal at each sampling with 8 slight but

VITAMIN LEVELS IN HTPN PATIENTS

183

Dot significant decline in mean values noted g the lag
sampling on MVI-12. There were eight values with thig
formulation in the range of 0.1 to 0.2 mg/dl; seven of
these low values occurred in two patients. While othg,
subjects had levels transiently below 0.4, none was con.
sistently below this value. The patient with consistent]y
low E values noted above was one of the two with low C
values. The tendency to values in the lower normal range
or below led to & change in the time 5 iti
vitamins to TPN (vide infra).

Thiomin > \J{+-R 4

The marked reduction in sverage daily thiamin con.
tent between the previous formuls and the AMA.FDA
formuls (Table 11) was associsted witht o eneral decline
in plasma levels with MVI.12 (Fig. 4). Nf\RIrerm-
values remained within the normal range except fora—

transientslow valoe in one patient.

Vitamin By and Niein_ ( PP )

As indicated in Figures 5 and 6, there were two or
three patients with values below normal for these vita.
mins while receiving the previous formulation. With
MVI-12 there were occasional low values at the first two
samplings; thereafter all patients were within the normal

range. RcOM\V
Riboflavin (Fig. 7)(Fiotin) (Fig. 8), vitamiy B Fie.
9), parkothenate (as panthenol) (Fig. 10ywere in-
LY BTN \l BZ" \ B
<> AsCORBATL
i<
. o
LY - v
104 ) "o '@ . - .
L3
PLASHS
LEVELS 0§ = o fee e - - . .
ag/e
- L] - J - -
o‘— - * [ ) L 1) L] - L ] P L ) L] L ]
- {eoe L ] L ) L ) L ] *e *n s
(YR J . . e foe ) J R o Jeoe
[ ] [ oe o ® - *
0.2 = . (] - . .
- L ] -
‘o
WORML, - PREVIOUS | RBiss $4-400 - ¢04- 482 494.28¢
ren cwlEa  EaSI OF 84S WiTe LW VITANA FORVG.4
25010400 00ty 03320m Dusson 0442033 043s0n
’ - «y us M) oY)

Fic. 8. Plastma levels of ascorbate in subjects on Jong-term HTPN
in the eourse of sdministration of the adult AMA-FDA ultivitamin
formulstion (MV1:12). See the legend of Figure 1 for description of
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